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Project 2.1
?vletabolismand Dosirnetry of Plutonium Industrial Compounds

Executive Summary

The long-term collaborative research Project between the Dosimetry Registry of the
Mayak Industrial Association (DRMIA), operated by Branch N1 of the SRC Institute of
Biophysics, and the U.S. Transuranium and Uranium Registries (USTUR), operated by
Washington State University, under the sponsorship of the U. S. Department of Energy
(DOE) continues into its second year.

The main purpose of the Project is to combine materials accumulated by both Registries,
create a joint database, and perform a mutual analysis of this unique information regarding
metabolism and dosimetry of transuranium nuclides, specifically plutonium and americium,
in the human body.

The primary focus of the first year of this collaborative research program (April 1997-
April 1998) was to conduct a laborious, but very important task which was an
intercompanson of radio chemical analytical methods and instrumentation currently in use
by both Registries for determination of plutonium and americium in autopsy samples (Task
A). The intercomparison was a necessary prelude to the combination and mutual use of
analytical results which were obtained by different methods as well as for the quality
assurance of previously accumulated data. This intercomparison of radiochemicai and
instrumental methods for Pu and Am determination included the radiochernical analysis of
20 samples prepared by each laboratory. There were no overall statistically significant
differences between the results of plutonium and americium determination in soft tissues
or in bones samples. The results of the intercomparison allow the conclusion that the data
accumulated by the both Registries are valid, correct, and can be used in the joint
investigations of actinide metabolism.

The last stage of the laboratory intercomparison was to have included an analysis of the
isotopic composition of Standard Reference Materials (SKIM), certified by the U. S.
National Institute of Standards and Technology (MST). However, this stage has been
delayed because of changes in the import regulations of Russia. To obtain state licenses
for the import of the SRM and the plutonium, thorium, and uranium isotopes which were
purchased in April 1998, additional finds will be needed by the DRMIA. This problem
was discussed with representatives from the DOE during their visit to Ozersk in
September, 1998 and they are currently exploring possible solutions.

During the first year of this project, a database to be jointly used by both Registries was
formatted and Russian and American investigators began entering their respective data. At
present time, the joint database is in use for collaborative research on actinide metabolism
(Tasks F, G, and H).
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Another high-priority task included coordination of radiochemical analytical procedures

L for plutonium and americium separation and detection in low activity biosamples
(Task D). The DRMIA has significantly modernized their radiochemical methods for
plutonium and americium analysis in biosamples by application reagents currently in use by
the US~ such as Bio-rad resins and the DDCP extractant. To fi.n-ther increase the
sensitivity and efficiency of the methods, the DRMIA has acquired a 16 chamber alpha-
spectrometry system (EG&G Ortec OCTETE), purchased in June, 1998. However, the
calibration of the alpha-spectrometer was delayed because of the above mentioned
changes in regulations of State Custom Committee (RF) regarding the import of
radioactive materials. Calibration of the alpha-spectrometer is expected to be delayed
until the end of 1998.

During the current repofiing period, studies of the physico-chemical properties of alpha
active workplace aerosols (Task E) have continued. The method for determination of the
transportability coefficient are presented, current results were analyzed and results of the
former research were summarized in this report to establish the value of this coefficient for
studying metabolism of inhaled plutonium. The data on transportability were used for an
investigation of plutonium distribution between the lungs and systems of workers and
they indicated a definite inverse correlation between the lung: system plutonium
concentration ratios and the transportability coefficient (volubility), as measured by the
DRMI~ of aerosols collected in actual workplaces of the workers.

L Three tasks involving biokinetic modeling were initiated during this reporting period.
Data relating plutonium concentrations in the skeleton and liver suggest that disease
conditions involving the liver have an effect on the exchange of plutonium between the
two organs when compared to liver and skeletal concentrations in healthy individuals.
There was a slight increase in skeletal concentration relative to that of liver in those
individuals with severely diseased livers, which included cirrhosis, primary and metastatic
cancers in the liver and marked fatty degeneration of the liver.

The modernization of the whole-body counter (WBC), currently in use by FIB- 1, was
initiated during this year by moving an excess WBC from the Rocky Flats site to Ozersk
(Task I). The WBC was disassembled, packed and shipped to Russia on 1 September
1998. The construction of a WBC room at FIB-1 was finished by September 15, 1998. It
was decided to construct a temporary roof over the room until after the WBC installation.
For the construction of a permanent, roof some additional funds will be required.
Estimates indicated that the approximate price of the WBC transportation from destination
to place of assembling, mounting and installation will be $25,000. The assembling and
installation of the complex equipment will be performed by D. Hickman, LLNL, jointly
with Russian specialists in the DR~A laboratory, Ozersk in October-November 1998.



Four articles were published during this reporting period (Task T):

1, Filipy, RE.; Khokhryakov, V,F,; Suslov~ K. G.; Romanov, S.A.; Stuit, D,B.; Aladov~
E.E.; Kathre~ R.L. Analysis for Actinides in Tissue Samples from Plutonium Workers
of Two Countries. Journal of Radioanaiytical and Nuclear Chemistry 234(1-2): 171-
174; 1998.

2. Khokhryakov, V, F.; Suslovz K.G.; Tsevelyova I.A.; Aladov% E. E.; Filipy, R.E.
Classification of Alpha-active Workplace Aerosols Based on the Coefficient of
Transportability, Measured by the Dialysis Method. Jounal of Radioanrdyticai and
Nuclear Chemistry 234( 1-2): 209-212; 1998.

3. Khokhryakov, V. F.; Kudryavtseva T. I.; Chernikov V. I.; Suslova, KG.; Orlov~ I.A.;
Filipy, R.E. A Scintillation Method for Determination of Actinide-Alpha Activities in
Samples. Journal of Radioanalytical and Nuclear Chemistry 234(1-2):293-295; 1998.

4. Khokhryakov V. F,; Suslova K.G.; Tseleva I.A.; Aladova Ye. Ye. Objective Method for
C1assi&ing Alpha-Active Aerosols for Dosimetry of Internal Irradiation. Medical
Radiobiology and Radiation Security 4:41-45; 1998,

Progress

The following tasks were planned for initiation during this reporting period of Project 2. I
(April-September 1998):

F. Analysis of the combined DRMIA-USTUR database to establish the lung clearance
coefficients for plutonium and americium compounds to systemic circulation based on
respiratory tract: systemic concentration ratios from both Registries.

G. Evaluation of the combined DRMIA-USTUR database to establish relationships
between the actinide concentrations in systemic organs, and also between their
concentrations and systemic concentrations in healthy individuals and in those with
diseases (specifically liver diseases) that may have a.iTected actinide metabolism.

H, Analysis of combined data from both Registries to establish relationships between the
actinide contents of body organs and the whole body at autopsy and those predicted by
long-term urinary actinide excretion rates in modem ICRP models for healthy
individuals and for those with liver diseases.
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Proposal of these tasks was based on preliminary investigations by the DRMIA regarding
the dependence of plutonium behavior on physico-chemical properties of inhaled aerosols
as well as on the influence of liver pathology on the actinide metabolism in the body
(Khokhryakov et al. 1994, Suslova et al. 1994). Specifically, Task G was proposed as a
follow-up to a report by Filipy et al. (1994; 1996) in which actinide concentration
relationships were used to predict retention half-times in a number of soft tissues, based on
a selected set of data.

The progress reported in this document for Tasks F, G, and H is vexy preliminary as they
are quite broad in scope and the work was just begun. Only minimal statistical analyses
were performed on results of those tasks for this report and much data verification and,
possibly, reanalysis remains to be performed.

Task A. Intercomparison of radiochemical analytical methods used by the two Registries
for determination of actinides in autopsy samples,

This task was originally planned to be accomplished in three steps:

1. Intercomparison of instrumental methods and equipment for plutonium
and americium measurements,

2. Intercomparison of radiochemical separation as well as measurement
methods, and,

3. Analyses of Standard Reference Materials (SRM) prepared by the U. S.
National Institute of Standards and Technology (NIST).

The first two of these steps have been completed and the data were presented in the
progress report for the period 1 October 1997-10 March 1998. During the present
reporting period the data were subjected to a rigorous statistical analysis. The overall
conclusion of the laboratory intercomparison was that, despite the major differences in
radiochemical analytical methods and detection instrumentation used by the two
Registries, the analytical results for samples analyzed by the two laboratories were not
statistically significantly different and the data were determined to be compatible for joint
analysis.

Statistical methods

Both USTUR and DRMIA provided results of analyses of samples exchanged for
comparison of radio chemical extraction methods. Analysis of variance was used to test
for significant differences in means for radiochemical analyses by the two laboratories as
well as differences due to extraction by radiometry or spectrometry, A randomized
complete block design was assumed which provides a statistical analysis equivalent to a
paired t-test when comparing two mean values but allows simultaneous comparison of

‘=---
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three means (e.g., USTUR spectrometry, DRMIA radiomet~, DRMIA spectrometry).
Both unweighed and weighted analyses of variance were applied because estimated
standard deviations were unequal among samples. Inverse variance weighting was used to
account for nonhomogeneous sample variation, Normality was assumed because the data
represent disintegrations per minute averaged over long periods of time. Average values
tend to be normally distributed even when the original data are not normally distributed.

Radiochemical analyses of exchanged samples were firther compared visually with scatter
plots of data from one laboratory plotted against data from the other laboratory or data
from one method of extraction plotted versus data from another method of extraction. A

45° reference line was plotted to aid in identi~ng systematic differences between
extraction results.

A statistical power anaivsis was also conducted to assess the adequacy of the number of
samples in detecting meaningful differences between laboratory radiochemical extraction
results.

Statistical Results

Interlaboratory comparison of data from five DRMIA provided polystyrene cuvets ;.~A@

containing BiP04+Pu+ZnS(Ag) precipitate showed no significant differences (P=O, 83
unweighed, P=O. 14 weighted) The samples were counted with the DRMIA alpha
radiometer while USTUR chemically separated out the plutonium and counted it with the
USTUR alpha spectrometer. The scatter plot (Figure A- 1) showed no systematic
differences in the results from the two laboratories.

A comparison of radiocnemical analyses of 10 samples provided by DRMIA showed no
significant differences in total plutonium counted (Figure A-2) among USTUR alpha
spectrometry, DRMIA alpha spectrometry, or DRMIA radiometry (P=O,77 unweighed,
P=0.47 weighted). No systematic differences among the three sets of data were obsetved
in the scatter plots. The analyses of variance for 238Pu,23%240Pu,and 24]Am detected no
significant differences for weighted or unweighed data (P> O.05). No significant
differences were detected when comparisons were made with samples having values less
than MDA removed. A comparison of DRMIA alpha spectrometry to DRMIA radiometry
total plutonium and amercium results on eighteen samples, including the 10 previously
mentioned, showed no significant differences either with or without values less than MDA
removed (P>o.05).

Comparisons of ‘*Pu measurements by DRMIA and USTUR alpha spectrometry of ten
samples provided by USTUR showed no significant differences for unweighed (P=O. 3O)
or weighted (P=O.82) analyses. When samples having values less than MDA were
removed, differences in means were not significant. (P= 0,31 unweighed, P=O.98
weighted). Results were very similar for comparisons of 239+240Pu,However, comparison

of 2~]Am measurements (Figure A-3) indicated significant differences for the unweighed
analysis (P=O, 04) but not for the weighted analysis of variance (P=O. 99). When one
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sample with a value less than the MDA was removed the unweighed analysis remained
significant (P=O.04) and the weighted analysis remained insignificant (P=0.46).
Examination of the data and the scatter plot showed that in 7 of the samples the USTUR
count was greater than the DRMIA count. The difference detected was approximately
5’Moof the overall mean of the samples,

Statistical power analyses were based on ten samples consisting of aliquots of dehydrated
acid-dissolved tissues provided by DRMIA. These results indicate that ten samples are
sufficient to detect a difference of 10°/0 of the mean in total plutonium with a power of
85’Yo. The power for detecting a difference of 10% of the mean for ‘SPU is only 50’%0and
for 239+240Puthe power is 84’%0.Based on these samples the power for detecting
differences of 10% of the mean for amercium is only 17’?40for a sample size of 10.

The third step was to have been accomplished during this reporting period; however, a
problem was encountered. The SRM as well as standard radioactive solutions of
plutonium, americium thorium, and uranium isotopes, for calibration of newly acquired
alpha spectrometer (see Task D, below), were purchased in the U. S. in April, 1998 and
were to have been delivered to Ozyorsk. An obstacle developed as a result of unexpected
changes in Russian regulations for import of radioactive materials and delivery of the
materials was not completed. The new regulations state that the DRMIA now needs a
license for receipt of all isotopes of plutonium, uranium, and thorium regardless of the
quantity and obtaining that license will require much time and money. Therefore, the
completion of the third step of Task A will be delayed for an indefinite period pending
receipt of the necessary license..

The problem of clearance of radioactive shipments through Russian customs was
discussed with representatives of the U. S. Department of Energy (DOE) during their visit
in Ozyorsk in September, 1998. The possibility of assistance from the JCCRER or the
possibility of delivery of such materials through the International Science Technical Center
will be investigated. If these avenues are unsuccessful, it may be necesszuy to provide
additional finding to the DRMIA for the licensing process.

Task B. Establishment of common database formats that will de available
to both Registries for studies of actinide metabolism in personnel
(Tasks F, G, H).

The main purpose of this task was to determine the format and structure of a database that
could contain data of both Registries for use in performance of the biokinetic modeling
tasks (Tasks F, G, and H). The database structure with descriptions of files were
presented in a previous progress report ( 1 April 1997-30 September 1997). As
expected, the structure was modified slightly to include “state of health” information on
Registrants and this modification was described in the last progress report (1 October

1997-11 March 1998. Immediately previous to the SRG meeting in Chelyabinsk in April,
1997, selected numbers of DRMIA and USTUR cases were successfully merged into a

L
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combined database. The database now contains exposure histo~, health itiormation, and
tissue and organ concentrations of plutonium from 295 DRMIA cases and 145 USTUR
cases for a total of 440 cases. These data are currently in use in conjunction with Tasks F,
G, and H. An example of the joint database with 5 DRMIA and 5 USTUR cases is
included Table B-1 of this report.

Task D. Coordination of radiochemical methods to be used by each
Registry to determine Pu and Am content of tissue samples.

This has been a high priority task with many accomplishments during the first 1.5 years of
Project 2.1; some of those accomplishments are summarized here. During 1997 and 1998,
the DRMIA significantly modernized their radiochemical analytical methods for
measurement of plutonium and americium in biological samples. The DRMIA has
converted to Bio-Rad anion exchange resins and the americium extractant, DDCP, for
chemical separations of the actinides from biological samples and measured activity with
their ionization chamber-based alpha spectrometer. These steps, alone, have decreased
the minimum detectable activity (MDA) for plutonium and americium in samples Ilom
0.005 to 0.002 Bq. An important comparison of the new and old methods was performed
and it indicated no statistically significant differences in results obtained either way or with
the results of the same samples analyzed at the USTUR laboratories.

The DRMIA has progressed toward the use of alpha spectrometry for routine
measurement of actinides in biosarnples. The have purchased an EG&G Ortec OCTETE
PC alpha spectrometer with 16 chambers, each with a 450 mm2 ULTRA surface barrier
silicon detector. The instrument has a 24-25°A detection efficiency, 25 keV resolution and
integral and differential non-linearity less than 10/O.For calibration of this alpha
spectrometer, the DRMIA attempted to purchase NIST-certified Standard Radioactive
Solutions of ‘9Pu, 242Pu,241Am, 243- 232U,2BTh, and 238Pu;however, the change in
Russian customs regulations prevented their delivery. This necessitated calibration of the
alpha spectrometer with 24*Pu+ 23%u + 24]Am sources prepared and measured by DRMIA
staff during their visit to DRMIA laboratories in December, 1997. The energy spectra of
one of the sources is shown in Figure D-1.

It was decided that the system would be calibrated over an energy range of 3.5 -6.0 MeV
distributed over 512 channels. The calibration of each detector was performed using the
above calibration sources measured for a period of 10,800 seconds with no fewer than
10,000 counts in each isotopic peak. The efficiency of the alpha spectrometer was
calculated with the same measurements, using the gross alpha count in the peak for 241Am
(the highest activity in the mixture) and the efficiency was calculated to be 25 t O.5Y0.
The mean chamber background (without the disk) for the total energy range was fewer
than three counts per day.



In July and AuWst, 1998, the electrolysis unit for actinide electrodeposition from 0.75 M
HzSOq on polished stainless steel disks (diameter= 17.5 mm) was installed in the DRMIA
laboratory. DRMIA staff members have performed preliminary tests to determine the
chemical recovery of plutonium and americium, electroplated by the new method on
planchets from Standard Radioactive Solutions and eluates afler radiochemical separation
of actinides in soft tissues as well as bone samples. Average recove~ of the 24*Putracer
was 67 ~ 3 .4 °/0 and the average recovery of the 243Amtracer was 63 ~ 3 .3?40. Figures D-2
and D-3 show the enersy spectra of two of the samples.

Task E. Analysis of physico-chemical properties of workplace aerosols (such as particle
size distribution and in vitro volubility) at the Mayak facility and American facilities for the
purpose of more accurately predicting plutonium behavior in the lungs of workers.

The objective of this task as stated in the original proposal, was to investigate the
physico-chemical properties of workplace aerosols with respect to particle size distribution
and volubility in body fluids. Knowledge of these properties would be very important to
the characterization of aerosol clearance from the lung and dissolution in the systemic
circulation. Because attempts to purchase a suitable cascade impactor with which to
evaluate partical size distribution, the DRMIA team continues to study only the volubility
characteristics of workplace aerosols.

The DRMIA uses a method called, “dialysis” for measuring the transportability (volubility)
of workplace aerosols collected on air sampling filters with a resulting transpotiability
coefficient “S”, expressed as a percent. Details of the measurement method and the
calculations performed to determine” S“ were reported in the Journal of Radioanalytical
and Nuclear Chemistry, vol 234, Nos. 1-2, 1998 by Khokhryakov et al.

Between 1974 and the present, approximately 300 air samples from workplaces in a
uranium reprocessing plant and a plutonium production plant were analyzed by the
DRMIA. Transportability coefficients of the aerosols in these plants varied about a mean
value which was typical for a specific workplace. The data in table E-1 show a definite
trend in the coefficients ranging from the highest volubility of aerosols collected horn the
initial stages of the process (dissolution of substrates in nitric acid) to the least soluble
aerosols collected from the final stages (work with plutonium metal) at Mayak PA. Thus
the values of S correlate well with the volubility of the plutonium compounds at each stage
of the process and the mean transportability y coefficients of aerosol samples ranged over
one order of magnitude from the lowest to the highest. It is noted that, at each
workplace, the variability of S values (standard deviation) is quite high. For example,
there is typically a hie@variability in volubility of aerosols from the plutonium reprocessing
plant, This cart be explained by the presence of various chemical forms of plutonium at
these workplaces. The establishment of an association between transpo~ability

coefficients and chemical forms of aerosols allows an extrapolation of the transportability
data obtained after 1974 to previous times in the production cycle. Thus, knowing the
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history of the technological processes used at each workplace should make it possible to
predict the probable properties and, hence, the probable behaviour of alpha-active aerosols
in the lungs and bodies of the personnel exposed by inhalation.

Another aspect of aerosol transportability has been evaluated by the DRMIA since the
mid- 1970’s. The results of these evaluations indicate that plutonium distribution in the
respiratory tract is correlated with the coefficient of transportability. To show those
correlations, plutonium concentration ratios between organs of the respiratory tract and
the systemic concentrations in individual cases were calculated. DRMIA cases were
grouped according to exposure histories of the cases (ie: the most probable value of
transportability of aerosols inhaled while the individual was alive, based on the individual’s
workplace). Geometric mean concentration ratios, with geometric standard deviations,
were calculated for each group for the lungs, alone, the pulmonary lymph nodes, and for
the lungs plus pulmona~ lymph nodes (respirato~ tract). The method of calculating the
ratios are described in detail in the Task F progress report (below) and The data are
shown in Table F-1 along with the transportability coefficient, S, for aerosols to which the
groups were most likely exposed. The values in Table F-1 show a strong correlation
between S values and the DRMIA mean ratios; the highest ratios are associated with the
least soluble aerosols (smallest values of S). The information presented in this report as
Task E and Task F progress lead to the conclusion that the transportability coefficient is a
valuable tool for measuring the physico-chemical properties of workplace aerosols and it
is usefhl for predicting the behavior of those aerosols in the respiratory tract.

Task F. Analysis of the dynamics of respiratory tract :systemic concentration ratios from
data of both Registries for the purpose of establishing the lung clearance coefficients for
plutonium compounds to the systemic circulation.

This task is devoted to the main issue of dosimetry by investigation of the clearance of
plutonium industrial compounds from the respiratory tract into the blood of personnel
exposed by inhalation.

During this reporting period, the correlation between the relative plutonium
concentrations in the respiratory tract (the ratio of concentration in lungs and lymph
nodes CmP over mean systemic concentration CSP) and the transportability coefficient, S,
was investigated as were the dynamics of the C,=#C,Ys ratio over time between exposure
and death (residence time), based on the joint data of both Registries.

These analyses were performed with the cases for which actinide concentration data for no
fewer than 4 organs (lungs, tracheabronchial lymph nodes, liver and skeleton) were
available in the joint database. The Pu concentrations in lungs of DRNfIA cases varied
between 10-1 and 104 Bq/kg and, in lymph nodes, between 101 and 10b Bq/kg. In the
USTUR cases, lung and lymph node concentrations ranged between 104 and 104 Bq/kg
and 10-2 and 10J Bq/kg, respectively. The ratio Clu.~/C,w varied from 10-1to 103 and
Cl#C,P, varied from 10-1to 10J in cases of both the USTUR and the DRMIA.

L
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The plutonium concentration in the system Cm was calculated according to the equation:

CIXM1+ C,~Xh&
C*= -------------------------

0.867 X (M&ll-Mh)

where: Cl, and Csk were the actinide concentrations in liver and skeleton respectively (Bq/kg),
MI, MSL Mb, MiUg, and Mh were the masses of liver, skeleton, whole body, lung and
lymph nodes (kg). If the data were absent, the masses of organs and the whole body
recommended by ICRP 23 for Reference man were used (Ml = 1.8 kg, Msk = 10 kg,
Mb =70 kg, Mlmg = 1kg, and Mb = 0.02 kg).

The factor 0.867 is the fixtion of the total systemic content that is in the liver and
skeleton, based on five whole body donors to the USTIJR [McInroy et al. 1989].

In the Task E progress report (above) a correlation between aerosol transportability and
plutonium distribution in the respiratory tract was suggested. Table F-1 contains
geometric mean ratios (with standard deviations) of plutonium concentrations in organs of
the respiratory tract relative to systemic concentrations together with mean
transportability coefficients of aerosols to which each group of persomel were likely to
have been exposed, based on their work histories. There is a marked inverse correlation
between the relative plutonium concentrations in the respiratory tract and the
transportability coefficient, S. The highest ratios are associated with the least soluble
aerosols; as S increases by an order of magnitude, the geometric mean ratios decrease by
an order of magnitude. Using that information for the DRMIA cases, it is possible to
draw inferences about the solubilities of aerosols inhaled by USTUR cases. Ratios of the
majority of USTUR cases fall between S values of O.3°/0 and 1,0°/0 (Table F-1 and
Figure 8) and it has been generally believed that most USTUR cases were exposed to
oxides or less soluble forms of plutonium (Kathren et al. 1993); there is very little
information about aerosol volubility in the USTUR database. The “combined” group in
Table F-1 includes USTUEt cases together with the S=0.3 and S= 1.0 groups of the
DRMIA and the geometric means for that group show that the USTUR cases are within
the bounds of the two DRMIA transportability groups. Within the “combined” groups,
the geometric mean ratios for lungs, alone, is 11.53 while the mean for the respiratory
tract (lungs + lymph nodes) is 20.87, suggesting that the retention halftime for plutonium
in the pulmonaxy lymph nodes is greater than that of the lung. The differences between
geometric means for the lung: system ratios and the lymph node: system ratios also reflect
the transportability differences in the inhaled aerosols.

Lung: systemic plutonium concentration ratios (CIM~/C,v,) were regressed against residence
time to determine if the tlaction of plutonium absorbed from the lungs into systemic
circulation was dependent on the residence time or the transportability coefficients, S, of
the inhaled aerosols. These regressions are shown in Figures 4-8 and, as expected, the
ratios decreased with increased residence times. It was noted that the y-intercepts of the
regression lines are inversely related to the aerosol transportability coefficients; this
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reflects the same relationship between transportability and geometric means of the
lung: system ratios shown in Table F-1. It is of interest to note that the slopes of al]
regression lines do not differ regardless of S-values, Apparently, accelerated lung
clearance of more soluble aerosols is a short-term phenomenon and, over the long-term,
the transportability of the aerosols had little effect on absorption from the lung into the
systemic circulation.

Pulmonary :systemic concentration ratios were grouped according to “pathology” groups
to determine the effect of disease on movement of inhaled material from the lung to
systemic circulation. The criteria for “pathology” grouping are included in the discussion
of Task G progress, below.

Geometric means of the Clu~C,P,, CdC,P,, and C#C,Pt plutonium concentration ratios,
with geometric standard deviations (Q) are shown in Table F-2. The means in Table F-2
suggest that severe disease conditions affecting major organ systems might have an effect
on the transfer of plutonium between the respirato~ tract and systemic circulation when
compared to healthy individuals; although the differences between means are not likely to
be statistically significant. This issue will be explored fhrther and reported in the next
progress report.

Task G; Determine the relationships between actinide concentrations of organs of the
body and bettveen individual organs and total body burdens in healthy individuals as well
as in those with health impairment, specifically those with liver diseases.

In addition to the lungs, the skeleton and liver are considered the high-risk sites for cancer
induced by actinide elements because they are the mains sites of deposition of those
elements once incorporated into the body. Biokinetic models to describe uptake
translocation and retention of the actinides in the skeleton and liver were largely based on
data from animal experiments with only limited data available from accidentally-exposed
humans. The DRMIA and the US~ together, have large amounts of data with which
to test previous biokinetic models and modify those models or construct new models, as
necessary. The purpose of Task G is to compare actinide concentrations in many of the
systemic organs of the body and use those comparisons as a basis for testing and/or
reconstructing models such as those proposed by the ICRP (ICRP 1979; 1986; 1993).

One of the primary goals of Task G is to determine if health impairment affects the
movement of actinide elements in the human body. Many former workers from plutonium
production facilities develop serious disease conditions that eventually lead to death.
Preliminary investigations by the DRMIA have shown that the temporal urinary excretion
patterns of individuals in a diseased state, particularly those with diseases of the liver,
differ from the excretion patterns of relatively healthy individuals. In previously published
DRMIA data_ the fraction of systemic plutonium excreted per day varied between
1.42:0.49 ~ 10-5day-* for healthy workers to 3.74 t 2.43 X 10-5 day-l for workers with
mali-mant tumors of various organs (K.hokhryakov et al. 1994. Task G is intended to help
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determine the basis for the differences in urinary excretion of plutonium that occur in
healthy versus diseased individuals.

Tissue donors to the DRMIA and the USTUR have been classified into groups according
to disease conditions that were present at the time of death. These are the “Health
Groups” of the joint database and, previously in this report, they are referred to as
“pathology groups”; this classification was originated by the DRMIA for their workers.
The groups are:

Group 3-disease conditions of the liver, specifically liver cirrhosis, primary liver cancer,
metastatic cancer from other sources which involve the liver and marked fatty
degeneration of liver tissue,

Group 2-cases of death from malignant tumors which do not involve the liver although
they may result in moderate fatty dystophy of the liver, and,

Group 3—relatively health individuals who died from accidents or from cardiovascular
diseases with only slight changes in liver tissue,

Organs studied as part of this task include the skeleton, liver, spleen, testes, thyroid,
kidneys, heart, and skeletal muscle. Plutonium concentration ratios (Ci/C~pt) were
calculated for each of these organs and regressed against residence time to determine any
time dependency of the relative concentrations (C1= the plutonium concentration of the
organ in question). Figures G-1 through G-4 show the regressions for Clti~C,PL) in
pathology groups 1 and 3. These figures show that the Citi~C,@ and C&.1/C@ ratios did
not change appreciably with time and that was also true for the other organs studied,
indicating that the geometric mean CI/C,Pt) ratios were a valid measure for comparing the
organs. It was noted, however, that the pathology group 3 Clti~C,Pt were generally lower
than those pathology group 1 and the pathology group 3 c,kedc,~,~ratios were generally
higher than those of pathology group 1. Table G- 1 contains the geometric means and
standard deviations of C,/C,Wtfor all organs studied grouped according to pathology
groups. The mean ratios also indicate that group 3 Cttiti C,w and csk.1/cSk.] ratios were
lower and higher than those of the other two health groups, respectively. The difference
between mean liver: system ratios for the combined USTUR and DRMIA data of groups 1
and 3 was statistically significant. This effect was not obvious in the ratios for the other
organs and the very high standard deviations of those means would preclude any
conclusions.

Another approach to analysis of the same data involved a direct comparison of the
skeleton and liver plutonium concentrations. For this approach, skeleton: liver
concentration ratios were regressed against residence time. It was considered that this
direct comparison would have an advantage for these two organs over the Ci/Cwt
approach because the skeleton and liver have, by far, the highest concentrations of
plutonium and they would have a dampening effect on a ratio with both of them included
in the denominator of the ratio. The regressions for the three health groups are shown in
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Figures G-5 through G-8 and the parameters of the regression lines are included in Table
G-2. Although the slopes of the regression lines are similar, none of them is significantly
different from zero, indicating no time dependence. It was noted that the skeleton:liver
ratios as well as the regression line in group 3 were generally greater than those of the
other groups and this was reflected in the geometric mean ratios for those organs in Table
G-1. This suggests that. in that group, plutonium was lost from the liver, gained by the
skeleton, or both when compared to the other groups.

Analysis of these data wiil be continued into the next reporting period to determine
whether or not any definite conclusions may be drawn and, therefore, to determine if liver
diseases should be considered in dose assessment.

Task H. Quantitate the relationships between actinide contents of the lungs and body
organs at autopsy and the long-te~ temporal pattern of uriniuy excretion in healthy
individuals and in health-impaired individuals.

As stated previously (Task G), the DRMIA has performed preliminary investigations in
which urinary excretion rates for plutonium were compared to the results of tissue
analytical results in healthy and in health-impaired individuals (Khokhryakov et al. 1994;
Suslova et al. 1994). Task H represents an expansion of that work with more cases,
including cases of the L’STUR. The DRMIA has identified 192 of their autopsy cases for
which urinary excretion data are available. Of those cases, 155 had daily urinary
excretion levels of plutonium that were above their minimum detectable amount (MDA),
which was 10 mBq. Because this is a retrospective study, each individual in the cohort
did not receive an equal number of bioassays. The number of bioassays performed on
individuals is shown in Figure H-1 and the number ranges from 1-13 with an average of
2.5 bioassays per individual.

The DRMIA calculated a systemic excretion factor, K,, using the formula below, to
compare the daily urinary excretion of plutonium with the systemic burden determined by
tissue analyses.

U#Qc = K, where,

U~ = the daily excretion of plutonium (dprn/day),
QC= the systemic burden of plutonium (dpm), and,
K,= the fraction of systemic plutonium excreted/day ( 10-5/day).

Figure H-2 shows the distribution of K, among 27 relatively healthy individuals (health
group 1). K, is log-normally distributed with a geometric mean and geometric standard
deviation of 1.89 t 1.7S E-5/dav.
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The USTUR urinary excretion data are received from many different laboratories
throughout the U. S. and they are reports in many different formats with a variety of
units. Compiling these data into a single, uniform, useable format is a very labor
intensive process which is currently in progress. When completed, work on Task H can
be resumed to include USTUR data for both healthy and health-impaired individuals.
The results will be included in the next progress repoti.

Task L Enhance the sensitivity of the in vivo counter used by DRMIA and perform
calibrations and intercomparisons with other, similar facilities, to make the facility more
usefi.d for more precise characterization of the intake and retention of actinide elements by
Mayak personnel.

This task has been modified since it was included in the original proposal of work. The
DRMIA will soon receive modem in-vivo counting instrumentation and associated
shielding from the Rocky Flats Plant in Denver, Colorado.

The following is a chronology of past and fhture events associated with Task I:

1. An agreement was reached with the International Scientific Technical Center to
provide for clearance through customs and transpotlation for the Rocky Flats whole-
body counter. This agreement greatly reduced shipment expenses and was reached
through the efforts of E. Melamed, U. S. DOE.

‘--- 2. Construction of a new facility at FIB-1 was completed by mid-September, 1998.
3. Because delivery of the shield was delayed, it was decided to construct a temporary

roof over the building, When the shield is delivered, the temporary roof will be
disassembled and, afler installation of the shield, a permanent roof will be constructed
which will require some additional fimding. The price of transportation and
installation of the whole-body counter is estimated at $25,000.00.

4. Assembling of the shield will be performed under the leadership of persomel from
LLNL in October-November, 1998.

5, Assembling the instrumentation (detectors and computer system) will be performed
by D. Hickmw LLNL, jointly with the Russian specialists at FIB-1. This is
anticipated to occur in early 1999.

After the facility is operational, Project 2.1 personnel will provide for shipment of
appropriate phantoms and assist the Russian specialists with calibration of the
instrumentation. The completion of this task is planned for May, 2000.

Milestones and deliverables

Milestones of the proposed work consist of the completion tasks, as scheduled, and the
semi-amual progress reports on the tasks in progress and those completed. The scheduled
initiation and completion of tasks is attached to this report.
Tasks scheduled for completion during FY 1998:
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Task A-- 1 April 1998 and
Task B-- 1 December 1997.

Progress reports scheduled for April, 1998 and October 1998.
Tasks scheduled for initiation during FY 1998:

Task F-- 1 December 1997,
Task G--1 December 1997,
Task H--1 April 1998.

Other Reloant Information, Including Rel~'ant Trip Repo&, Obstacles to Completion
of Work Outlined in FY Work Proposal, Unexpected Costs

During the current reporting period, two meetings of Russian scientists and Ron Filipy,
Principal investigator of the project from the US~ took place in Ozersk in April and
September, 1998. Scheduled tasks were discussed and progress reports were drafted
during these meetings.

In April 1998 much attention was given to discussion of issues regarding the
organization of a joint database, necessary for performance of current tasks involving
actinide biokinetics. It was decided that, with the goal of studying and making more
precise some Pu metabolic parameters for healthy people and health-impaired individuals,
the pathologic-anatomic diagnosis information regarding health states and causes of death
were to be evaluated, especially cases with specific diseases that can lead to marked
dystrophy of liver.

“-- During the last visit(September, 1998) the information obtained was discussed and data
(concentration in organs, standard deviatio~ diseases) of the both Registries were
combined and entered into joint database. Thus. all information necessary for the progress
report was prepared.

At the meeting with DOE representatives L. White and R. Neta in September 1998,
obstacles to completion of work outlined in work proposal were discussed. It was with
regard to Tasks A and D which were delayed due to changes in custom regulations of RF.
To complete these tasks, the DRMIA purchased the Standard Reference Materials of
organs and Standard Radioactive Solutions of Pu, Th, U isotopes, prepared by National
Institute of Technology. It was noted that, to obtain a state license for import of
radioactive materials to Russia, the DRMIA will need additional finds - approximately
5000$.

Publications and Prepn”nts

During 1998 year two progress reports were issued in English and in Russian :
1. Progress Report Number 3 for the period 1 February 1997-30 September 1997
2. Progress Report Number 4 for the period 1 October 1997- 30 March 1998
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Four articles were published in 1998:
L

..

1. Filipy, R. E.. Khokhryakov, V.F.; Suslova, K. G.; Romanov, S.A.; Stuit, D. B.; Aladova,
E. E.; Kathrem R.L. Analysis for Actinides in Tissue Samples from Plutonium Workers of
Two Countries. Journal of Radioanalytical and Nuclear Chemistry 234(1-2): 171-174;
1998.

2. Khokhryakov, V.F.; Suslova, K. G.; Tsevelyova IA.; Aladov% E. E.; Filipy, R.E.
Classification of Alpha-.+ctive Workplace Aerosols Based on Coefficient of
Transportability, Measured by Dialysis Method. Journal of Radioanalytical and Nuclear
Chemistry 234(1-2): 209-212; 1998.

3. Khokhryakov, V.F.; Kudryavtseva T.1,; Chernikov V. I.; Suslova, K. G.; Orlova, I.A.;
Filipy, R.E. A Scintillation Method for Determination of Actinide-Alpha Activities in
Samples. Journal of Radioanalytical and Nuclear Chemistry 234(1-2):293-295; 1998.

4. Khokhryakov V.F.; Suslova K. G.; Tseleva I.A.; Aiadova Ye. Ye. Objective Method for
Classifying Alpha-Acti\e Aerosols for Dosimetxy of Internal Irradiation. Medical
Radiobiology and Radiation Security 4:41-45; 1998.

At a joint meeting of Russian and American Scientific Review Groups in Chelyabinsk (14-
16 of April 1998) three oral presentations were represented:

1. Ron E. Filipy Overview of Project 2.1 objectives,
2. V.F. Khokhryakov, About State of Scientific Research on Project 2.1
3. K.G. Suslova, I.A. Orlova, D.B. Stuit, S. Glover, T.I. Kudruavtseva Results of
interlaboratory comparison of radiochernical methods used by DRMIA and USTUR for
analysis of tissue samples on Pu and Am content,
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Table E-1. Correlation of the transportability coefficient and chemical form of workplace
plutonium compounds.

Predominant chemical form Mean transportability coefficients
Plant of the process substrate S f_SD (%)

Reprocessing
uranium fhel nitrate 2,14 ~ 0.43 to 4.60 ~ 2.4

Plutonium nitrate, chloride, oxalate,
processing (1) dioxide 0.56 ~ 0.21 to 2.60 ~0.53

Plutonium
processing (2) metallic form 0.15 ~0.08 to 0.37 ~0.20
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Table F-1. Geometric mean plutonium concentration ratios of organs of

respiratory tract: System grouped on the basis of the

transportability coefficient of inhaled aerosols.

R@stxy s Lung Lymph Nodes I&s@ratoryTract

N ~* =g N (-jM ~ ~ ~ Crg
DRIUIA 0.3 45 26.4 2.46 45 105L7 3.46 45 55.48 2.28

6

1.0 100 6.93 2.40 95 289.78 3.42 92 14.90 2.31

3.0 % 2.15 2-07 94 46.20’ 3.66 90 3.26 2.24

USTUR - 112 13.03 5.54 70 114.12 8.02 59 16.75 5.36

combined 257 11.53 4.02 210 279.99- 5.79 196 20.87 3.55

●GM-gwmctricmcan
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Table F-2. Geometric mean plutonium concentration ratios of organs of

the respiratory tract: system, grouped by health state of the
individuals.

organ ?icaltll DRMiAy~0 ~3.0 USTUR Combillul

N GM Ug N GM Crg N (au Cg
Luog 1 49 13.14 2.62 6 55.47 3.48 55 15.37 2.96

2
3

53 9.55 2.70 71 10.82 5.72 124 AO.25 4.34
43 9.14 3.54 35 14.82 5.04. 78 11.35 4.24

Lymph 1 49 368.05 4.69 3 214.39 6.94 52 356.75 4.73
Nodes 2

3 I

49 484.06 3.52 44 112.46 7.82 93 242.65 6.22 I
42 479.50 3.62 23 108.11 9.22 65 283.06 6.10

RJ=w- ~ 49 24.55 2.75 2 63,14 2.50 51 25.48 2.77
Tract 2

3
48 21.58 2.70 39 15.32 5.63 87 18.51 3.95

40 22.73 3.10 18 17.54 5.10 58 20.97 3.66
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Table G-1. Geometric mean plutonium concentration ratios of organ:

system, grouped by health state of the individuals.

Orpn Health DRBfIA Um Combl 1

I
nod

N Geom. I SD N lGtmmlaD N lGeoa.i SD I

9Melt’On

=

Testes

TGiT

Kldmey

izGr

Made

1
2

3

2

3

2

3

1

2

3

i-

2

3

1

2

3

1

2

3

2

3

I man I M-
7$ 1403 1315 7 199s 133 82 MM L33

108 1830 1.626 77 133S 221 180 11s 1.91

77 430 1.782! 40 Mw26 2411 11+ 3.78 217

75 330 1216 7 “261 121 . ~. 334 133

103I 3,84113s31 781 d lJJ9i 1811 3.47[ L44~

77 S4)7 MM 42 3A1 141 119 430 L31
I

47 w Ml+ 7 Z* 244 74 Ooda 233
85 iL721.991 6S L18 264 039 23s

68 OX6 2s31 34 1.90 224 102 1.13 231

31 (L47 1.799 2 1.60 0.47 L78

43 IOS 1.714 47 051 222 90 032 L93
32 0.94 L637 29 em 467 51 0994 272

33 w 1.774 2 Im 447 35 0929 2J6

46 039 1.832 42 032 237 88 030 2A8

46 038 2.046 29 0.72 MO 7s Q*48 &w

68 02!5 1s71 6 038 %61 74 Q27 1,99

87 &26 1.710 67 038 24 134 0.27 202

69 03~ 1.622 38 037 3.8!5 107 029 247

69 OJs 1,982 4 033 109S 73 0.16 2.02

81 0.28 1.663 16 039 3.7s 97 020 2.14

70 021 L462 11 030 637 81 0 212

67 0.0823S5 2 0.11 9.S7 69 O.oq 2*43

801‘“PI 131’2114 ‘1 0’111’101
69 0w6510,16 81 0.1 3.14
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Table G-2. Parameters from the regression lines relating skeleton:liver plutonium
concentration ratios to residence times (Figures G-5 through G-8).

Number
Health Group of cases Slope SEa Pb Y-intercept SE

1 78 0.005 0.002 0.052 -0.78 0.064

2 163 -0.005 0.004 0.18 -0.39 0.11

3 108 0.001 0.004 0.73 -0.13 0.13

‘Standard error
“Probability that the slope is not significantly different from zero
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Figure A-1 Comparison of the results of USTUR alpha spectrometry and

DRMIA alpha radiometry on samples prepared by DRMIA.

Samples were plutonium in BiP04 in ZnS(Ag) scintillation

powder.
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Flgurc D-1. The spectrum of rnotopem of ●econde~ standard source 242U+ ‘Pu + ‘“Am
ueed for energy calibration of theDRMIA Ortec alpha spectrometer. ,,
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Figure D-2. The energy spectrum of plutonium isotopes in a lung sample.
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Foemm than 25 yews. the UnitedStatesTranaunmiumand Uraoium Registtk (USTUR)and the Dosisncq Registryof the Mayak Mustnal
~asion (DRMIA)of the RmsiantWcmsion tuwe,mch itmkcpusdmtty,collectedtissucaat autqq from wmkesswishpotmtiat or cmfin=d
batty burdens of actinidc ckmasts msotting from occwpasionatcxpsmum Tissues,stmsobtained. wac tadioctscmiatty attdyzest roe acrinidrs for
the psupose.of evacuating the biokinctics of these etcmata in the human bsdy. Scimtiass of these two organizations bavc sceasslybegun a
collabmasivemscasehprogram to mmpatc, combii and analyze the data sovuify or rc$inebiokktic models mated for diatioo dosimoy.

Introduction

The United States Transursmium and Uranium
Registries(USTUR)collectstissuesamples at autopsy of
volunteerdonors who have had a demonstrated occupa-
tional intake of one or more of the actinide elements.
‘l%e program was begun in 1968 and, since then, tissues
have been collected tlom nearly 300 autopsies and from
12 whole-body donors. The collected tissues were
radioehemieally analymd to determine the aetinide
contents at death and this information is used to evaluate
the deposition and retention of those elements in the
body and to compare the organ contents with estimates
of the body burdens made during the life of the
individual donor. T’%eprimaty objective of the USTUR
is to ensure the adequacy of radiation protection
standards and to verify or suggest modification of the
models used as a basis for those standards for the
actinide elements.”2

The Dosimetry Registq of the Mayak Industrial
Association (DRMIA), operated by Branch No. 1 of the
Russian Institute of Biophysics, has been in existence for
nearly the same period of time with similar operating
procedures and with the same primary objective. Both
Registries have operated independently of one another
until 1994 when an international agreement for a
collaborative research program was consummated
between the governments of the Russian Federation and
the United States. There are a number of differences in

the methods and scopes of operation of the two
Registries as well as many similarities. The purpose of

this report is to briefly describe some of these
similarities and differences which were addressed, in

detail, in another report3 and to provide a summag of

the collaborative research program currently being

conducted by the USTUR and the DRMIA.

One of the major differences between the two
Registries is in the scope of operation. The workers of
Mayak plutonium production facility are the primary
concern of the DRMIA who perform the internal dose
assessment for the workers of that site. This includes
urine bioassays for aetinides as well as the in-vivo
screening (whole body counting) of Mayak workers. The
DRMIA database contains dosimetry and medical
records on approximately 5500 workers at the Mayak
site. The USTUR, on the other hand, haa volunteer
donors from nearly all U. S. nuclear production sites
and, with a few exceptions, performs no urine bioassays
or in-vivo detection assays for actinides. They rely on
dosimetry and medical records provided by the
employers of their worker-registrants.

Table 1 contains information about the numbers of
deceased cases and associated actinide body burdens for
which data are maintained in the databases of the two
Registries. The DRMIA has performed autopsies on
approximately three times the number of cases of the
USTUR although, not reflected in the table, the USTUR
has had 12 whole body donors and the DRMIA has had
none. Results of the radioehemical tissue analyses and
the case descriptions and evaluations for six of these
cases have been dcxxtmented in several USTUR

publications. The whole body donations have been
extremely valuable in relating the actinide contents of
the various tissues or organs of the body to one another
and the data from them have been used by both

Regisrnes for that purpose. The actinide body burdens of

DRMIA cases were also much higher than those of the

USTUR cases. In a direct comparison, the mean her
concentmtion of DRMIA cases was nearly 250 times that

of USTUR cases.3

‘.-
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Tobk 1. A comparisonof the USTUR ssd DRMtA databases

Psugsam To!al ssumbcs Range of
Regisuy Nllcktc started of mltopsks bOdy burdens

DRMIA ml% 1965 870 40 Bq-175 kBq
24ih 1975 460 2.0 Bq-4.5 kBq

USTUR zw+2~ 1968 280 40-300 Bq*
241~ 1968 280 1.&150 Bq”

“Agcmemtsangs wwhafcwl owcrssndaf ewhighc?bsssdesu.

Expdmental

Radiochem”cal analysis

A major difference in the opesation of the two
Registries lies in the spcafic radioehemical methods
used to analyze previously collected tissue samples. l%e
USTUR has had radioamdytical support from four
laboratories from the time of its inception as the National
Plutonium Registry in 1968. An analytical laboratory at
the Rocky Flats Facility (RF) analymd tissues donated
by those individuals who Id been employed at that site.
Pacific Northwest Laboratories (PNL) analyzed tissues
of all other donors. In 1978, a laboratory at Los Alarms
National Laboratory (LA.NL) also began analyzing
tissues for the Registrk and for seveml years, aU three
laboratories served the Registries. PNL analyzed tissues

- from approximately 30 m.ses before their analyses
stopped in 1978. RF anaiymd tissues from 60 eases
before 1987 when their analytical function ceased.
LANL analymd tissues from over 100 cases including 6
whole-body donations before the Washington State

University (?A’SU) laboramry took over the analytical
function in 1993. Data from the analysis of tissues from
approximately 50 cases were provided to the USTUR by
laboratories in Great Britain. Tissues of all the DRMIA
cases have been analyzd by the same methods
throughout its history ard its methods were quite
difference from those of the USIUR laboratories whose
methods differed somewhu over the years.

The DRMIA methods u well as those of aU USTUR

laboratories began with variations of ashing techniques
(wet or dry ashing) and subsequent dissolution of the
ashed material in nitric acid. PNL used lanthanum
fluoride co-precipitation followed by extraction of
plutonium with thenoyltrifluoroacetone (TT’A) while RF,
LANL, WSU, and the DR!WA laboratories used anion-

excharsge chromatography to extract the actinides from

the acid solution. DRMIA used diethyl-hexyl phosphoric

acid (HDEHP) in toluene to separate americium from

plutonium while RF, LANL,and WSU used dibutyl-N,

N-diethylcarbarnyl phospnonate (DDCP) for that

purpose. The American laboratories other than PNL used

isotopic tracers to quantitate recoveries from the

solutions; the DRMIA use of tracers was intermittent
beeause of diffieuky in obtaining tracers of sufficient

purity. For detection of the actinides in samples, PNL

used two different methods, both of which were
performed on the aetinides after ekdrodeposition on
stainless steel disks. An autoradiographic tednique4 was
used for low-level samples while direeL electronic
counting of alpha particles was used for samples
containing a suftlcient amount of activity. RF, LANL,
and WSU used electrodeposition on stainless steel disks
and solid-state alpha detectors. The DRMIA used
bismuth phosphate co-precipitation and a Zinc sulfide
scintillation methods for their higher level samples and,
for low-level samples they used the bismuth phosphate
-precipitation, followed by electrodepoaiton and an
ion chamber spectrometer. me WSU Iabonstones
followed the procedures developed at LANL6 for the
sake of continuity bcause LANL analyzed the greatest
number of USTUR tissue samples. New, more effkiemt
methods arc being investigated by WSU and these
metlmds, after appropriate veritieation, wiU likely be
used with future samples of WSU and the DRMIA.

Ressdts and discussions

Data comparison

In spite of the differences in radioehemical analytierd
mcdmds used by the two Registries over the years and
regardless of the large difference in aetinide body
burdens between the two Registries, the resultant data

are similar id many respects. In the initd stages of
collaboration by the USTUR and the DRMI& data were
compared to determine whether or not they could be
combined to evahsate biokinetic models. The first

comparison of data involved the use of skeleton-to-liver

concentration ratios. me skeleton and the liver are the
two major deposition sites in human (or animal) bodies.

Ratios were used beeause they were not expected to

differ substantially with high or low body burdens and

because estimates of initial depositions and the times of
exposure in human subjects are frequently misleading,

precluding the use of retention functions for individual
organs that are based on initial uptake.
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m+l~

No.of cases
Gcms5ric mars’

G!@

slope=
P
241~

No. of as=

Gamxrnc mean
GSD

slope

P

66
-0.81

0.37
-0.0020

0.77

30
-0.32

0.3s
0.0040
0.59

74
-0.64

0.22

0.0010

0.92

42

0.62

0.36

4.0040

0.63

I 37
-0.71

0.27
0.IM60
0.028

74
-0.064

0.4s
0.015
0,29

* Meanof theIogarithrtuof skcleton:livcr conuntsation ratios.
bGcomerricstandarddeviation of the conantrarion rauos.

c Slopeof the regmss40nlines retating the logarithms of concentration
rarrosroresidcncctimes (time bctwcus exposureand death).
dPrObsbditythattbc slope of the rcgrmion line was not significantly
diffcmntfrom mm (P c 0.05).

Figure 1 is a plot of skeleton:liver concentration
ratioa of ‘+% as a function of residence times (the
time between exposure or potential exposure and death)
and Table 2 contains selected pasametem describing

those plots. Although the coocetmation ratios ranged
over two orders of magnitude, geometric mean ratios of

the two Registries (Table 2) were not signif~antly

diffemmt from one another (P< 0.05). The ratios of each

Registry as well as those of tbe combined data were log-
norrnally distributed. Slopes of the individual regression
lines for the data of each Regisay (Fig. 1) wwe not
significantly different from one rtnodser and were not
significantly different from zero (p c 0.05} however the
slope of the regression line for the combined data was
significantly different from zero (p= 0.03). Means of
241Am skeleton:liver concemratson ratios or the two
Registries (Table 2) were also not significantly different
tiorn one another (P< 0.05). Slopes of the ratio vs
residence time regression lines (Fig. 2) were also not
significantly different from one another and the slopes,
including that of the regression of combined data, wcse
not significantly different from zeso (P c 0.05).

- main difference between the data points of the
two Registries was in the residence time parameter.

Residemx times of the DRMIA cases wae generally
longer than those of the USTUR case-s (F@ 1 and 2)
because of the melhd of calculation. USTUR residence
drrses were the time period between exposure (or
potential exposure) and death of the worker and, if no
exposure situation was evident, the time period including
67 percent of the worker’s time winking in a potentird
exposure situation plus the time between cessation of
work and death.7 The DRMIA includes the entire period
of occupational exposure to plutonium plus the time
between cessation of work and death in their residence
times. This difference would not be likely to have an
appreciable effect on the regressions in Figs I and 2;
however, the data will be reviewed in the interest of
uniformity before they are used in biokinetic models.

Future colbborative research

A three-year collaborative research project was
proposed by the DRMIA and the USTUR and was
approved for funding by the U. S. Department of Energy

Office of International Health Studies. Twelve major

tasks were proposed and the following is a summary of
those tasks.

T%e first task involves intercomparisons of

radiochemicrd analytical methods currently in use by

both Registries including a series of performance

evaluations with split samples from both laboratories

and, ultimately, with standard reference materials

prepared by the U. S. National Institute of Standards and

Technology. Information thus gained will be used to

. . 173
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identify and adjust for consistent differences that might

be present in previously collected data of the two
Registries before they are combined. Other tasks include

establishment of uniform analytical methods to be used
by both laboratories for future analyses with reqrect to

sampling methods, ashing methods, actinide separation
techniques, spectroscopy methods, and data recording.

Methods used by the two Registries for in-vivo

estimatea of acdnide body burdens will also be
compared with the goals of joint analysis of previously

collected data and establishment of uniform methods for
future collection of data. This task includes calibration
of the irt-vivo deteetion quipment used by the DRMIA

against that in use in the United States by the exchange
Of whole-bdy phart~nts. UMalySiS for tide
elements is a tool that has been used by the DRMIA and
by the employers of USTUR Registrants to estimate
intakes of those elements. The radioanalyticaj mdmd.s
used for those estimates will be compared to determine
compatibility of the data collected by both Registries.

Radiation dosimetry from plutonium and amenciurn
has been a primary goal of both Registries since their
inceptions. A number of tasks will be performed in
which biokinetics of these elements in occupationally-
exposed humans will be examined with DRMIA and
USTUR data. Tasks include evaluation of the
relationships of actinide concentrations in the lungs,
thoracic lymph nodes, and the individual systemic
organs at the time of death and comparison of those data
with the estimates of body burdens made while the
individuals were alive. The purpose of this work is to
verifi or suggest modifications of models describing the
franslocation of actinides in the body as proposed by the
International Commission on Radiological Protection.x,g

There are a number of advantages to be gained by
collaboration of the two Registries. Collaboration would
increase the number of cases available for study by a
factor of four for already deceased registrants relative to
the number of USTUR cases. Also, there were many

more female plutonium workers in Russia than in the
United States. The USTUR database contains data from
only a few females; therefore, combination of data would
result in a greater heterogeneity of the worker

population. Because actinide deposition levels in past
Russian workers were much higher than those of U. S.
workers, dose-dependence or dose-independenu of

biokinedc parameten should become apparent with the
combined databases.

An important part of this work includes the

dissemination of information to the world scientific
community and the general public. This will be

accomplished by prompt, joint publication of the results
of the collaborative research in the scientific literature.
Also as part of this collaboration, a number of important
Russian documents regarding plutonium metabolism and
dosimetry, previously classified, will be translated to

J3tglish and distributed through the scientific literature.

The dosimetric information resulting from this
project will be in direct support to other projects which
are a part of the overall program. The objectives of two
other, separate projects are to relate internal doses
combined with external doses to stocktic effeets, such
as cancer, and to deterministic effects, such as blood
dyscrasi~ noted in workem at the Mayak plutonium
production site. Still other projects of the joint U. S.-
Russian program are concerned with dosimetry as well
as stochastic and deterministic effects in the general
Russian population residing in the vicinity of the Mayak
site and the results of this worker dosimetry project are
expekted to be helpful in the dose reconstruction efforts
for that population. The biokinetic data and organ doses,
in conjunction with biological effixts, will be used to
develop and define risk coefficients for those effects
rrsdting from chronic exposure to relatively high levels
of radiation.

*

This work was conducted under ths arsapirzs of the Joint
Coordinating Committee fos Radiation Effscts RcseasdI (JCCRER)
with tiding provided by the U.S. @artmcnt of Emrgy Offrcs of

Jntctnsiiorasl Heatth Pm.gmm.
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This rcporl dcsczibes a method by which potentially itrhakxdworkpke aaosois containing plutonium compounds are classified on the basis of
rnessuswd rransponability in Ringer’s solution. It is suggested that ths criterion “transportability” be used in the ICRP rr.spiratory tract model.
Transporrabifity is rncasumd as the fraction of plutonium atpha adnry, dcposivd on a collecting tiltez, that pass= thnmgh a scrni-pxrncabk
msmbrans in Ringer’s physiological solution during two days of diatysrs. Fkst ordcz kinetic quarions am used for explanarron of diafysis resufts.
The dissolution characteristics of atpha-active aerosols am mpm-tant m interpretation of their passage from the lungs after inhalation.

L

Introduction

The retention and clearance of inhaled plutonium

containing aerosols deposited in a worker’s lungs are
determined, in part, by the particle size distribution and
their volubility. 1.2 Experimental studies with animals3,4
and available information on pulmonary deposition in
workers after accidental inhalation exposures5,6 show
that the lung clearance of plutonium particles varies
widely depending on the chemical form of inhaled
compounds. The chemical properties of actinides, in
particular of plutonium, have been studied in detail;
however, the data about their volubility in the classic
chemical sense are not useful for predicting their
behavior in the body.

Due to the absence of a strict correlation between
metabolic parameters and chemical forms of
radionuclide compounds, the ICRP dosimetry models of
the respiratory tract group radioactive aerosols into three
classes, D, W, or Y, i.e., those with rapid, moderate and
slow removal from the respiratory tract.’,2 Because of
the lack of data describing the correlation between lung
clearance rates and physico-chemical properties of
inhaled aerosols, the indicated classification has a
qualitative character. Also, workplace aerosols generally
contain not one, but a mixture of several chemical
compounds. And, last, the rate of lung clearance and the
capacity to pass through the semi-permeable membranes
in the body are influenced by particle size.

A number of investigators have studied aerosol
characteristics which could allow prediction of

biological behavior of inhaled radionuclides in man.7- 10

However, the literature data does not reveal criteria for

characterization of workplace aerosols that can be used
for practical dosimetry assessments. We have performed
a detailed study of the dissolution characteristics of
plutonium aerosols sampled at plutonium-handling
facilities of the Mayak Industrial Association.

This “report contains a description of a dialysis
method for classification of workplace plutonium-
containing aerosols on the basis of in vitro volubility for
worker dosimetry assessments.

Experimental

Aerosol samples for dissolution studies were
collected by standard aspiration methods on AFA-RSP-
20 filters (Russian manufactured) from different
workplaces of uranium and plutonium reprocessing

plants. In the laboratory, each filter was sandwiched
between two membrane filters (type Vladipor with pore
size 0.15-0.25 ~m) and mounted in a speeially made
holder. This assembly (Fig. 1) was placed in a 300-ml
glass beaker with a 150-ml volume of Ringer’s
physiological solution (Table 1) at room temperature

without stirring. At intervals of 1, 3, 7, 15, and 24 h after
the beginning and at 24-h intervals thereafter, the solvent
was removed and replaced with a fresh solution and the

plutonium activity was determined in the removed

solution. At the end of 14 d, the plutonium remaining on
the filter was assayed and that activity value was added

to those of the solutions to determine the amount of
plutonium initially present on the filter. Samples were

anrdymd using methods described in a previous report, i 2
The dissolution rate was expressed as the percent of

plutonium dissolved from the total initial content per unit
time.
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Membrane

!X

00900
I

Air sample

Fig. 1. Assembly of the mmporrems for the disdysis method

t, daya

Fig. 2. The cumulaove percentage of plutomum diatysm from aerosols
sampled at two ddfesent workplaces of the radiocknical plain

Fable /. The imposition of Rmgcx’s physiological solutionl 1

NaCl 8.5
Kcl 0.2
CaC12 02
NaHC07 01

Results

In order to evaluate tie dialysis method for the

purpose of dosimetry classification, the dialysis of

plutonium citrate and plutonium polymeric nitrate was
studied. The dissolution rate of plutonium citrate was

much higher than that for polymeric plutonium with 84.7

@.7% of the initial amount of plutonium citrate
dissolved after two days of dialysis. With the less soluble
polymeric plutonium nitrate, only 4.4* I .7% of the
plutonium was in solution after two days. Plutonium
citrate is a highly stable complex that is referred to
monomeric plutonium; it has a high capacity for
diffision through a semi-permeable membrane during
the dialysis. The low dissolution rate of polymeric
plutonium can be explained by the larger particle size
relative to the membrane pore size of 0.25 pm. Another
reason for slow dialysis of polymeric plutonium may be
adsorption on the membrane. Appreciable differences in
the dialysis of the two plutonium compounds were
recorded and a good correlation between the dialysis rare
and compound chemical form was noted.

The composition of workplace aerosols may be very
complex. As a rule, these materials contain a mixture of
plutonium compounds of varied chemical forms
depending on the technological process in the workplace
where the aerosols were generated. Therefore, during
dialysis of workplace aerosols in the Ringer’s solution,
many different interactions can occur.

Analysis of dialysis kinetics of a large number of
plutonium-containing aerosols revealed biphasic rate
profiles. In all cases, there was fast dissolution in the

earlier stage which could last from several hours to one
day, depending on the workplace from which the
aerosols were sampled. After 2 days, the dissolution rate
of plutonium was reduced by two or more orders of
magnitude rel~tive to the value obtained for the fu-st
several hours and then the rate became nearly constant.
The results of these studies are demonstrated by dialysis
of typical plutonium aerosols sampled from two different
plutonium-processing areas (Fig. 2).

The presence of two phases, as a first approach, can
be described by a system of first order equations as
follows:

dQ1/dr = -kl Ql + LQ2 (1)
dQ2/dr = -~Q2 (2)

where: Q] is the fraction of rapidly dissolving
radionuclide at time, t, Q2 is the fraction of slowly
dissolving radionuclide at time, t, k, is the constant

corresponding to the dissolution rate of the rapidly

diffusing, soluble fraction into the external solution, and

~ is the constant corresponding to the slow dissolution
rate of large particles breaking down.

The first equation describes the removal of the

soluble component from the sample by rapid diffusion of
small particles into the external solution and Eq. (2)

describes replenishment as a result of transformation of
large particles.
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Tubk 2,Transportability (S) and the fraction of plutonium alpha activity dialysittg in two days (D)

of industrial aerosol sampks from different raditschcmicai psodtsction workplaces

Technological Diatysis parameters
Qrocua step a. % L (faY-1 s, % D.% DIS

Rcpnxeasistgof
urardum fuel al = 2.7 A,=l,o 2.92 2.80 0.96
(workplace 1) al =97.3 ~= 0.0023

Repmrxs.singof
uranium fucf al = 2.4 A,=2. I 2.50 2.30 0.92
(workptaa 2) al =97.6 ~ = 0.0021

Ptutnsutms fuel
production al =0.84 1,=1,10 0,90 0.80 0.89
(workptaa1) a2=99.16 L2 = 0.00077

Phstostium fuel
pmduclion al =0.12 Al = 0.92 0.15 0,16 I.07
(workplace 2) a? =99.88 ~ = 0.00025

Mcao * standard deviation: 0.97MJ.07

Tabh? 3. Ths selaoonshlps between transportability, S, of industrial aerosols and h percentage

of postmortem plutonium body burdcms rcmamissg in the twpiratory tract

PtutoNurst fuel Plutosuumfuel
Rcproccssusgof prodstction pnduction

Workplace usassiumfuel (wc+lacc 1) (wlXkplx 2)

Transportability, S, % 3.21*1.69 1.W3.O o.2&l .55
Numkr Of CSSCS 281 112 45
Lung mment,” % 2.56L2.26 6.5&t2.47 Z2.&il.81
Lung and lymph
nOdCCONCS)L* % 3,60i2.30 13.X2.47 43.2il.80

● Pcxcent of total body burden: geometric mean + geometric standasd deviation,

Let us assume that Q. is the initial content of
plutonium alpha-activity on the sample filter, S is the
transferable portion of radionuclide at the initial moment
(the untransferable portion is accordingly 1-S), thus we

can write equations describing the initial conditions:

The solution

conditions gives

Q,jo. sxq (3)

Q21~=(l-S)x~ (4)

of Eqs (1) and (2) under initial

the following expression for initial

plutonium content in the sample:

Q= QI+Q2=(?o [al exp(-~lf) + w eXp(-~01 (5)

al =S - (1-S) ~(k~-~) (6)

a2 = (1-.S) Al/(lI-\) (7)

S=a1+a2A#’A1 (8)

Thus Eq. (8) can be applied to dialysis results to
calculate the value, S, the transportable fraction (S is
defined as Transportability). Clearly such an
approach to the process kinetics is an over
simplification because polydisperse aerosols, in the
early stages of dialysis, cannot be described by one
term exponentially decreasing with time. To solve

Eq. (8), it is necessary to know all parameters of the

two-component exponential model. These parameters
can be obtained only by continuing dialysis for a
week or longer which is not practical. It is possible to

simplify the determination of S by obtaining, D, an
approximate value of S resulting from two days of

dialysis. Analysis of dialysis data from a large

number of air samples selected from different

radiochemical production workplaces show that the

alpha activity dialyzed over the first two days, D,

closely corresponds to transportability, ~, calculated

from the data of prolonged dialysis.

This simplified approach to assessment of

transportability is illustrated by the dialysis results from

aerosols sampled at different workplaces at the Mayak
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radiochemicai plants. Mean values of the dialysis kinetic
parameurs obtained from many trials are given in
Table 2. Transportability, .S,was caicula[ed with Eq. (8).
Table 2 also contains dialysis data for the first two days,

D. The data of Table 2 show that the alpha-activity
fraction diaiysing in two days, D, coincides with the
calculated value for transportability, S. These values

range over more than one order of magnirude for aerosol
samples horn different workplaces.

Discussion

The salt composition of Ringer’s solution is similar
to that of tissue fluids. Dialysis through semi-permeable
membranes involving dissolution and diffusion is similar

to some mechanisms of lung clearance. It is reasonable
to apply the dialysis method to characterization of
plutonium aerosols for dosimetry assessment purposes.
Our classification results are in good agreement with the
ICRP respiratory tract model. ]S2 ‘ilte dialysis method
appears to be a good method for classification of

workplace aerosols to predict their clearance times from

the respiratory tract.

The clearance time of aerosol pafticles from the

lungs is inversely related to the fraction absorbed into
the blocxi. Plutonium oxide aerosols, according to the
dialysis methcd, are in inhalation class Y with prolonged
retention in the aiveolm region and mimirnai absorption
into the blood from the nasal and bronchial regions.
Plutonium nitrate and chloride aerosols are in a class
with moderate retention in the pulmonary region and
mcxletae absorption from exlrathoracic regions. The
dialysis data from plutonium citrate and plutonium
polymtmc nitrate (reported above) and from aerosoi
sarnpies coilected in different workpiatm (Table 2) indicate
that the uafrsportabiiity value, S, essentially varies with
soiubility properties of plutonium compounds. Data in Tabie
2 shows that the value, S, for aerosols of workpiace 2 in the
plutonium reprocessing piant (where the piutonium dioxide
is the main concern) is more than one ordex of magnitude
iower than that for aerosois at workplaces of the uranium
reprocessingg plant (where the mixtures of moderately

soluble piutonuium compounds such as ninate, chioride, and
oxaiate are present). According to the I(XP lung model for

the indicated piutonium compounds, the absorption fractions
in the respiratory tract vary within approximately Use same
ranges.

By means of the diaiysis method, it is possible to
characterize aerosols with respect to their predicted

transfer processes in the lung. It is expected that the
amount of plutonium in the lung as a fraction of the total

amount retained in the body, long after inhalation,
should be inversely related to transportability of the

aipha-active aerosoi. This assumption IS confirmed by

post-mortem hang distribution of plutonium in workers
who were occupationally exposed to aerosois with

different mean vahJes of transportabiiity at the

production areas described above. The data from many
years of autopsy research, given in Tabie 3, show that
the relative nuciide content in iungs is inversely related
to transportability.

Considering that piutonium taken into the body is
subject to absorption from the respiratory tract, it is
expected that the fraction of the total body content in the
iung at death should be strongiy dependent on the
duration of exposure. Examination of the exposure
histories of the workers whose data are shown in Tabie
3, shows that the duration of time from the beginning of
work with plutonium until death was approximately the

same and equai to 28–29 y in each workplace. On that
basis, we cart presume that the relative plutonium content
in iungs of personnel working at the different industrial
sites was correlated with the transportability properties
of the inhaled aerosols rather than to exposure duration.
Such a correlation leads to the concision that it is
possible to estabiish a quantitative relationship between
clearance parameters of the plutonium metabolic model
from the respiratory tract and measured transportability.
This approach can be especially useful in the case of
workers exposed to mixed plutonium-containing aerosols
when the classification by the ICRP lung model is not
practical. 12

*

This work was conducted under the auspim of the Joint
Coordinating Comrmttcs for Radiation Effmts Research(JCCRJ3R)
with funding provr&d by the U. S. Department of Energy Office of
International Health programs
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llsis rcpost describes an efficient. my to use, and incxpcn.wve mctbod for detection of alplm-a=tivity in biological samplss. the alpha radiometer.
The actsnitk ekmcma ate copeccipitated from acid-dissolved, SSM sampks with bismutb pbaapbatc and the precipitate is then mixed witts

ZrS(Ag) scintillation pnw&s. Tk mixtusc is dried, in a thin layer, on the surface of a polystysmc cuvct and seimitlationa from ths Iayct am

dc&ctcd with a photamultiplicx tube. An optimal counting efficiency is obtained with a scintillation powdcs thickness bctwcea 2S and

40 mg.cm-z.

Introduction

Alpha-spectrometry is generail y used in
radiobioassay and radioecology applications for
determination of alpha-activity in samples. While this
method has high sensitivity and high resolution, its
application to large numbers of samples is time
consuming and expensive. For routine analyses of

samples with known isotopic composition, the
determination of alpha-activities is simpler and less
expensive with the alpha radiometer. The radiometer has

been a usefid tool at the Fust Branch of the Biophysics
Institute (BIB- 1) for measuring the total plutonium

- content in urine bioassay samples of occupationally
exposed workers of the Mayak plutonium production
facility. l%e device was developed and fabricated over a
20 year period at BIB-1 and it has been in use since

1974. It was certified by the General State Center for
Measurement Standards, D. Mendeleev NPO VNITM,
Saint Petersburg, Russian Federation. 1 The purpose of
this report is to describe the equipmenL the preparation
of the samples, and the performance characteristics of
the alpha radiometer.

Experimental

Sample preparation

The radiochemical separation of actinides from the.
sample has been described in previous reports.~3 The

actinides (plutonium and americium) are separated from
the acid-dissolved, ashed urine sample by bismuth
phosphate co-precipitation. A solution of bismuth nitrate

and sodium dihydrogen orthophosphate (1:6 by volume)

is added to the sample in 1M nitric acid. The actinide-

bismuth phosphate precipitate is separated by

~i.
● E-mail:rfilipy@bcta. rncity. wsu.cduI

eentrifugation and mixed with ZnS(Ag) scintillation
powder and the mixture is suspended in 96% ethanol.
lle suspension is transferred to a shallow, 25 mm-
diameter polystyrene cuvet and dried at room
temperature, forming a thin layer of ZnS(Ag)-precipitate
on the s~ace of the cuvet. The cuvet is coupled, in a

light-tight enclosure, with a Model @3y-35
photomultiplier (of Russian manufacture) which detects

scintillations in the mixture and converts them to
electrical impulses. The electrical impulses are

processed by an analog converter which registers an
event on a counter. The photomultiplier has a low level
of dark current which makes the detector background
essentially zero with no scintillation powder in the cuveL

‘l’he background count rate with non-radioactive
scintillation powder in the cuvet is 0.000HO.0003 S-*.

Up to 20 identical modules are operated simultaneously
at the BIB-1 laboratories.

Results and discssssion

Performance

Performance characteristics of the alpha radiometer

are shown in Table 1. The quantity of scintillation

powder is an important factor influencing the sensitivity

of the method. To determine the optimum quantity of
ZnS(Ag), standard radioactive solutions of plutonium in

nitric acid were added to control urine at two activity

levels, 0.83 and 2.7 Bq. The urine was processed

through the bismuth phosphate coprecipitation and equal
aliquota of the precipitate were mixed with vuying

amounts of scintillation powder. The mixtures were

counted with the alpha radiometer and the results are

shown in Fig. 1,

0236-5731/?AMJSD 17.00
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Tobk I. hktdogtcai chW=XCSIStlCS of the low-background
atpha radiometer

● Range of rtw.asurcrnent 0,0014-0.5 Bq
● Background levcJ* 0.000WO.0003 s-’
● Detector efficiesscy 9M%
● Minimum detectable srcavrry(MDA)* 0.0014 Bq

● Catcufatcrf by the method of Bo~ et al.4 wrttrSilmpie and
background measurements of 720 rrun.

3
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I , I 1 I I r I
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11’ti~ d ZnS(Ag), rrKvcns~

Fig. /. (hot SWC SOCSSUd by dfb diOMCtCJ with Vi@SIg

thicksrcas of ZnS(Ag) scintiltim powder in the crsvct. Error bass

represent I 6 mea.mrcrncm unccrsainty

The results in Fig. 1 show that the highest counting
efficiency was achieved when the thickness (mass/unit

area of cuvet) of the scintillation powder and the

precipitate was between 25 and 40 mg.cm-2. The mass
of ZnS(Ag) corresponding to this thickness was adopw-d
as the optimum for cuvets of different sizes. For routine

measurements with the 25 mm-diameter cuve~ the
optimum mass of scintillation powder is 150 mg. The
use of the small cuvet for routine samples has made it

possible to decrease both the background of the
radiometer and the dimensions of each individual

module which is an important consideration when

multiple medules are built into one unit.
The method, described above, has been successfully

used at the laboratory for determination of alpha-activity
in excreta samples and in tissue samples taken at “
autopsy. To check the accuracy of the radiometer,
aliquots of acid-dissolved samples, from which
americium had been radiochemically separated, were
analyzed by the radiometer , and also by alpha-
spectrometer after electrodeposition on planchets. The
result.k of the two measurements are shown in Table 2.
l%e data in Table 2 indicate that the total alpha-activity

values determined by both methods of analysis were in

very close agreement. Results from only two of 14
samples differed by more than 25% and most compared
measurements were within 10% of eaeh other. %
results reflect the effectiveness of the alpha radiometer if

the nuclide composition of the samples is adequately
known.

Tolde 2.A comparison of atpha-spcctromctric rcsulta with those from alpha radioorctric anatysis of atiqssota of the sarsw sampica

Radiometry Spcctromcsry Ratio of
Sample l-iie Total plutonium, Isotopic activity. dpm Spectrmcopyi
number Tmaue wesgh~ dpm Z39+zu)pu mm Radimcts-y

1 tivc$ 180.3 12.80 t 1.16b 14.55 * 0.29 2.30 * 0.11 1.32

2 tiva 433.9 5.22 * 0.23 4.79 * 0.19 0.12 * 0.03 0.94

3 Lung 6613 9.64 * 1.01 8.91 * 0.25 0.22 * 0.04 0.95

4 Lung 4475 5.82 + 0.26 3.48 * 0.16 0.11 * 0.03 0.62

5 Lung 178.2 268 * 0.17 3.10 * 0.15 0.12 * 0.03 t .20

6 Heart 141.0 8.19 + 0.66 7.79 * 0.26 0.05 * 0.02 0.96

7 Craoiurn 97 13.60+ 1.18 13.15t 0.32 0.07 * 0.02 0.97

8 Cranium 14.1 3.28 + 0.21 3.16 + 0.16 0.10 * 0.03 0.99

9 Ribs 0.3 9.76 * 1.01 8.69 * 0.25 0.26 * 0.04 0.92

10 Vertebra 49 9.54 * 1.10 8.03 ? 0,26 1,51 * 0,11 1.00

II vertebra 0.2 I0.77 * I .09 9.90 * 0.24 0.07 * 0.02 0.93

12 Femur 10 11.56 + I.1O 11.82 + 0.29 0.30 k 0.05 1.05

13 Femur 8.6 7.40 * 0.64 7.66 k 0.24 0.09 * 0.03 1.05

14 Patetta 10.4 3.33 + 0.26 3.24 * 0.15 0.16 * 0.03 I ,02
Mcart + SE: 0.9!M0.04

SWet weights for soft tissues and ashed weights for bones.
bUncertainty estimates arc one standard deviation nsemsrcment uncatainty

\
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Conchmiosss

The scintillation method, described above, has been. .
used to analyze the actinide contents in the excreta of

more than 7000 employees of the Mayak plutonium

production facility and in several tens of thousands of

tissue samples collected at autopsy of persons of the

facility and the msxrbers of the general population. The
methsxl is efficien~ easy to use and is relatively
inexpensive. The information gained with this medmd

I was of great importance to the Mayak dosimetry control
I

system and was used to monitor population exposures to

I the actinide elements.

I *
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. . Execu:ive Summary

The icng-term coilaborau~e researcn project between the United States Transuranium and
Uraruum Registries (USTUR). operated by Washington State University, and the
DOSUTWWRegistw of the .Mayak industrial Association (DKMIA), operated bv Branch
No. 1 Ofthe Federai Research Center. Institute of Biophysics (FIB-1) otliciailv began on 1

Febru~ 1997. The first serni-amuai progress report by the project was submmeci in
October. 1997. This repo~ is a summary of progress for the period between 1 October
1997 md 10 March 1998

Interccrnparison of the r~siocnemm.i analytical methods used by each laborato~ for
autop~ tissue analvses. both past and present, remains a high-priority task of this project.
Com@sons of the actimae cietect:on systems used by each laboratory by an exchange of
samcies were discussed in the pre’tr]ousprogress report. The USTUR has used suriace-

barner detectors for alpha spectromet~ for many years; the DRMIA uses two types of
detec:~rs. the aipha radiometer ‘.vhicnworks on a ZnS(Ag) scintillation principie and the
alpha spectrometer whicn is basea on an ionization chamber design. In the first
compmson. the resuits fmm measurement of plutonium in samples were generaiiv in good
agreern.ent among the three instmrnents; however, some difficulty was experienced with
measurement of americium wl~h the DRMLA alpha spectrometer.

The stcond round of conmansons tvas by an exchange of dehydrated acid-dissoived tissue‘.-.
soiuticns. This exchange was desgned to compare radiochemicai separation methods as
\veil ~s the actinide detec!lon insmmentation and the results of these comparisons are

repontd in this repon. There ‘.\ere occasional statistically significant dfierences between

pairs ci measurements mxie by ti,e two laboratories; however, there was no consistent
sys[e.rn.atic bias between ~zboratones or methods. These resuits indicate the potential of
:omr:nlng USTLX and DN1l.A ::jsue actinide concentration data for tie stuav Qi
xmv:e metabolism m oc;upauorwiv-exposed workers of both countnes. “The!’orrnat for
J aat:~ase 10 contain suer, da~a ti~m both Registries, for use in this collaborative project

has keen determined ana :he data entq process is underway.

The DRhlIA has modit’itti their,, et-chemical analytical procedures to inciude reagents

and T.ahoas used by tne L-STL3 ndiochernistry laboratories. They have recentiv

purcnsed an EG&G OCTETE ~;na spectromet~ system. Two DR.?.?lLAscientists have
~lsite~ the USTLR labo:s:ories :0 gain experience with USTUR actinide separation and

,.
anaj~~:cai methoas. Inclu::. ng t:.e ::wp, operatio~ and maintenance oi the hara’.vare and

mfi’.!ue assoc!~:ed \JILfi:},e Cjc:: TE system. These changes are expected 10 ]mprove

Ine L7J~OHTM[~ PI’ rne[ncli usea 5.. ;he two laboratories for anaivses oi samples coiiected
;he F-:dre
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The FIB- 1 has entered into an agreement with the Ma@c Production Association to
:ontiru: [heir mvestigatlon of the “transportability”, m in-vitro soiubilitv. o~ lvorkpiace

~eroso. s contamng alpha activitv. During this reponimg period, thev periormea their
dlaivs]j” techmaue on workpiace aerosois coilectea iiom three sites within the hlayak
~acliit’,” The resuits of their tests ied them to conciude that the persomei in tne
.vorkuiaces sampied were exposed to reiativeiv soiuble fores of piutonium-conta.m@

aerosols wth diaivsis haif-times of 136 and 415 days. The DRMIA is seeking to obmin
dditional cascade impactors with which to incorporate particle size anaivses ~vuh the

diaivsls method.

During :nis reponing period, the FIB-1 took initiai steps toward improving their in vivo
:ount!r.g faciiitv. A reasonably modem in vivo detection system at the U. S. Rocky Flats
Plant ‘I.as no longer in use and was to be excessed. The svstem is compiete ‘.slth a
suecmtv sixeiaed room. high-purity germarium detectors, and associated eiectrorucs as
.\eii as onos}vtcn detectors to be instaiied as backup detectors. David Hickman oi

Lawrence Livermore Nationai Laborato~ ISresponsible to oversee the refurbishment of
[he eaulpment and installation at the FIB-1 site. Calibration of the system, a task of this
prolect. s.viiibegan when the equipment is operational, expected to be in Julv or August,
1998. Existing in vivo detection equipment wiil be calibrated simuitaneousiv for
verification of in vivo measurement data aiready coilected.

\ U S >Tationai Councii on Radiation Protection and Measurements (A’CRP) Committeei.
on Railonuciide Dosimet~ Modeis for Wounds requested that USTUR and DRAAIIA
?ersonr.ei transiate, into Engiish, two Russian documents dealing with intake of actinides
:hrou:n skin lniuries. This was initiated during the tisit of DRMIA scientists to LJSTUR
faciiiti:s In i997 and the reports wiil be prepared for submission for publicauon. in
~ngilsh. In the scientific literature.

L



Introduction

The long-term cciiaborml~e research project between the United States Transuranium and
Uranium Reg!smes [L’STLRl, operated by Washington State University, and the
Dosime[ry Regmm of the Jlavak Industrial Association (DRM.IA), operated by Branch
No. 1 of the RussIan in.smne of Biophysics [_FIB-1), ofliciailv began on 1 Febru~ 1997.
It was preceded by a one-year feasibility study during which the scopes, operations,
methods, and prewousiv obtained resuits of the two Registries were compared (Susiova et
al. 1996).

The main purpose of this project is the detaiiea study of the metabolism of piutonium and
americium in the human body and the development of biokineuc models to describe that
metabolism. This \vIii be achieved by anaivsis and interpretation of the databases of both
Registries whicn contain ac:mide concentrations in ussues and organs that were coilected
at autopsy of personnel from Russ~an and American nuclear facilities.

Tasks to be perrormea ~veredescribed in the proposai which was approved for finding
and they were scheduled for initiation and completion at VfiOUS times during the three-
year period (Fi-gure 1). The tasks inciuded:

Task A--To compare radiochemicai analytical methods for actinides currentiy in
use by both Regmries with a series of performance evacuations;

Task B--To estabiish a common database format that can be used by both
Regismes ior completion of tasks F, G, and I-Llisted below;

Task C-- To cooicinate tissue sampiing me[hods used bv the two Registries
:nclualn; s~ec!fic ::ssues and organs sxnpied. mass of the sample, and specific
structures to be :r.ciuded in a sampie. thus Improving and making more exact data
comparisons:

Task D--To caom:nate raciiochemica.i anai)~icai methods used by both Registries
to detew~ne a:::r~cie contents of tissue sampies, including ashing methods,

actimce st~mil::n techniques, spec:mscopy methods. x-id data recording;

Task E--To ciws~[enze }vorkplace ~erosois at the hlayak faciiitv and American
~aciiitits

Task F--To estaciish transfer coefficients, t3.seo on [he systernic:lung:lympn node
3cti\l:’. :2::0s -.eaured bv both Reyjtries. :hatdescribe the transfer of various

?luter; :7. 2nti ‘-..-xicium compountis from tne iImgs to the blood and compare Ihe

coeti;::p,!s ,;I”}, . :~.ose predicted b:: :~.e ne’.v iCRP-60 ~i994) models for the

purpcst ;i tes::~.~ the moael direcu”! ‘.\itn human. lone-!erm exposure data;

-1



Task G–To aetenn.ine the relationships between actinide concentrations of organs
of the body ar.a between miividual organs and total body burdens in neaithv
indiviauais as }ved as in those with health impairment, specificaiiv those with liver

diseases:

Task H--To test me relationships between act.inide contents of the lungs and body
organs at autopsy anti the Iong-teq temporal pattern of urinary excretion
predicted bv me current ICRP metabolic models for plutonium and americium
(ICRP-67 1994) and to compare actinide metabolism and long-~enn urinary
excretion of the actinicies in healthy individuals with that in heaith-impaired
individuals. spec:iicallv in those with liver diseases;

Task I--To imurove the in ~tivo counting capabilities of the DR\fIA and perform
calibrations ana mtercornpansons with other. similar facilities so that It is a more
useii.d tooi for cm.ractenzing the intake and retention of actinioe elements; and;

Task J--To transiate previousiv classified relevant Russian documents into English
for submission to peer-reviewed journals or for publicauon as topical reports, as
appropriate.

Progress

Task .4

Task A is a high-pnonr:; task tvhich was necessa~ as a quality assurance measure and is
needed to verifi the I.~::ditv oiuse ofthe data of both Registries togeth, er. [t was plamed

[o be accompiisned :: ~ i[eps

1. Intercom~z~son ofinstmmental methods and equipment for piutonium and
americium m4e3surements.

2. Intercom~arson of raciiochernical separation as well as measurement methods,
and,

3. Anai}ses c: .-.- ~’maarci Re~erence Materials (SIUI) prepared by the LT.S
Natior,ll Ins~::-:: s(Stanaards and Technoioq LNIST’)

The c: fferer?ces bet’.’.ten :h.e rxiioc~.ernicd ardyticrd methods and detect:on instruments

;urrer.[ly in use b:, k~::, Re&s[ries ‘.l.ere described in an eariier report ($usiova et al. 1996)

jo they are cr~:i brie:;:. iescr, becii-.tre.
‘----



For routine measurement of alpha actiity in biological sa.mpies, the lXL??lIA primarily
used the alpha radiometer which is based on the ZnS(Ag) scintillation principal. They
lseci \TI 1-AP anion exchange resin for separation of the actinides and extracted
~mencmm with diethyl-hexy-phospnonc acid (H12EHP) and the actiniaes were co-

preclpltated from solution with bismutn phosphate. The precipitate was mixed vmh the

ZnS(Ag) scintillation powder for the ~uha radiometer (K.hokhryakov et al. 1996a).

The DIU\lIA also used an aipha spemorneter (SEAM), based on an ion chamber desigq
for samples containing low ieveis of the actinides and for samples with unknown isotopic
composition. Radiochernical separanon was initially the same as for the alpha radiometer

Iabove Khowever, the DmA has recently switched to Bio-Wd anion exchange resins
(AG 1-X4 dnd AG JMP-1) and now extracts americium with dibutyLN,N-diethylcarbamoyl
phospnonate (DDCP). The actinides ue eiectrodeposited from solution onto 35 mm-

Jameter stainless steel disks for spectrometry.

The LSTUR has performed aipha spe~rometry with silicon surface-bamer detectors for a
number of years and currentlv uses an EG&G OCTETE system. The use the AG 1-X4
and AG MY-1 anion exchange resins and extract americium with DDCP. The actinides
are eiectrodeposited onto 16 mm-diameter stainless steel disks for spectrometry.

The results of the[lrst laboratory intercomparison were repotied in the previous progress
repon [Khokhryakov et al. 1997). .4s part of that compariso~ the DRJiI.+ provided

L
poivst>Tene cuvets containing BiPO~~Pu+ZnS(Ag) precipitate that had been previously
counted with the DRMIA alpha radiometer. The USTUR chemically separated out the
pluto mum and counted it \vith the ESTUR alpha spectrometer. The resuits of these
malyses are included in Table A-1 of this report and, although the total plutonium
~etec:td in one sample ( {65’] \vas sta[ls~ic~v different between the t\~o laboratories

p<f] )j), the overaii interiaboratom c:fference was not statistically sigm~cmt at the 9570

confidence levei. Xleasurements maoe vtith the alpha spectrometers oi the two
laboratories on electrodeposltions upon stainless steel disks provided by the USTUR were,
Iike\\lse, not statistically different at the 95% confidence level. However. some problems
were encountered with the cetection of2J1.%n by the DRhfIA alpha specuometer \vhich

resuited in greater differences bet~veen measurements of that actinide from [he t~vo
laboratories than for plutoruum.

The second interlaboratory comparison inciuded the radiochemical anaivsis of ~ sampies
prep~red by each labora~o~, The sam?ies consisted of aiiquots of dehydrated acici-
jlssciy~d tissues contininu be[ween ‘Oma 1 Bq of americium and./or piutonmm. The

~urpcse of this sample exchange was to compare the results ofraaiochenucal extracuon
:neLhccs and to measure the isotoc:c :s, reposition of the samples. >IOSI ci :he samples

~ro~::ed to the USTUR b:: ~r,eDR??lL\ had been previously measured ‘,I,l[hthe alpha

:aciic~,eter as \vell as the DFL?lI.i spectrometer by the methods brietly described above.
‘..- The :tsuits of those analyses ior plutomum and amercium are compareti in Tables A-2 and

. -=specti\’eiv. There ‘:.ere no c’.ewii statistica.ilv si-tificant differences [P<O 05)A->. .-

6
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between the results obtained by DRMIA alpha radiomet~, DR.MIA alpha spectrometry,

and USTUR alpha spectromeuy.

.-+“, 29+2’%1, and 241Arncontents in llRMIA samples analyzed by the UST’UR are

shown m Tables A-4, A-5, and A-6 and the resuits of DRMIA analyses of sampies
provided by [he UST’UR are shown in Tables A-7, A-8, and A-9. Captions on those tables
explain the methods that were compared and the conclusions drawn from statistical
anaivses are mciuded below each table. Figures A-1 through A-9 are graphic
representations of the data in the tables.

Task B

Both Registries have computerized databases of medical and exposure histories, bioassay
data. and au~opsy tissue radioanai~icai data for occupationally-exposed workers from
plutoruum production facilities in their respective countries. Although the databases of the
two Regmies utilize different soilware. the I) RhlL4 database with FOX-PRO and the
USTUR with PAR4DOX, both are capable of importing and exporting files from other
databases and by using text t’iies. The purpose of Task B is to create a single database that
will be available to both Registries for studies of the biokinetics of plutonium and

americium (Tasks F, G, and H). Specific data to be included in this database were
determined during the previous reporting period and were described in the last progress
repon (Khokhryakov et al. 1997).

L

Preliminary investigations by the DRhlIA indicate that the state of health of an individual
may iniiuence the metabolism of actinides. and therefore affect such important parameters
M the urina~ excretion rate and the actinide distribution in tissues and organs. This is
particularly me when the subject sufiers from iiver disease such as fatty degeneration,
prlm~n or r,etastauc liver cmcer. ma cirrnoses. Both Registries have identified these
:ypes of cases m their respective databases to tinher investigate this phenomenon and the
shared database will thus contain a ‘heaith status”’ record that indicates such disease

states. This wtil petit comparison of cases with liver disease to those without known
~iver disease. and to subjects who tied as a resuit of accidents or from such causes as
cardiovascular diseases.

Task C

This ~~sk \~M conslacrea conciucax. . i:nng ike preitious reporting period (Kho~akov et

3i. 1w~)

L

7



.

—.

Task D
.—

Interccrnparaoiii~ and consistancv of radiochernical analytical methods used by both
Reglsmes 1sa high-priority task. A major goal of this task is to improve existing a.nalyticai
methcas methods [anion exchange and extraction) and detection methods (alpha
spectromet~,l in both laboratories. This task is of particular impofiance to the DIWIA

and consists oithree steps:

1. Lloouicauon of raaiochernicd analytical procedures for separation of plutonium and
americium horn biosampies by application of effective reagents currently in use by the

USTUR such as the Bio-rad@ resins and the DDCP extractant.

2. De\reioPment of alpha spectrometric capability by acquisition and installation of new
equlprr,ew. m EG&G Ortec OCTETE@ system and electroplating apparatus for use with

stainiess steei disks suitable for use with that system.

3. Acquwion of TRU Spec@ materials, currently under evaluation by the USTU_ll for
rapid . smgie-step separations of actinides from biosamples.

The i) R\lL4 has acquired the new Bio-rad resin (AG MP- 1) and the DDCP americium
extracmnt ana is using them in conjunction with their alpha spectromet~ system, To
con.rirrn and ensure the quality of previously obtained data and the reliability of the new
resins and reagents, the DRMIA performed a series of comparisons between their old and
new melnoas. The first comparison of the original alpha radiomet~ measurements with
the DRJ U..+aipha spectrometry measurements using the Bio-rad resins was described in
the pre;lous progress report (Khokhryakov et al. 1997). Based on nine samples, the

-’”o c: spectmmetry results to radiometry results was 1.02 ~ 0.05 (mean z standardmean ,.-..

error]

The seccna comparison was made during this reporting period with

plutor~um and americium. The results are shown in Tables D-l and D-2 and the resuits of

a tirtr,er c:rnparison \vith USTUR alpha spectrometry, with 10 ofthose sampies are
shoitn in T~bles A-2 and A-3. Statistical analysis of the data indicate no significant
diffe rw.ces znong zriv of the three methods (P< O.05).

The il.R311.\ has recently purchased an EG&G Ortec OCTETE alpha spectromet~ system
iviuci ‘.i;iik: :nstmied during the second quarter of 1998. In December, 1997, ~~vo
DR-\l!.4 :~:tfi!ls[s. -‘ computer specialist responsible for installing the OCTETE

~“”---~” svs[e~ and a chemist responsible for the raciiochemical sepwation 0~S,pec., &.,.+..) ,
. .

JC[lT.:2tS H:-. [Issue and urine bioassay samples \isited the USTUR radiochem]st~
-?n Uo~ oft~s ~lslt \y’as to familiarize these DR!!lI.A s(aif,~e,m:e:j!abc:::::.?~ .:- CELL-. z

~vlt~::.? LD.-,3st?e’:!n met~ hardware and software in order to expedite the
L- impit~.e:!a!:~n 01‘:he new equipment and to gain experience \\ith the new USllll

.~i~~~-- -.=-fi:.’lon ~;.~ ~encium separation procedures. Thev \vere alSO briefed on ti,~., -k----- -- s....

8
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hardware setup and maintenance and introduced to the sobare and gained experience in
the initial setup of the soitware. energy and efficiency cahbrations, background
determinations, QNQC and ANSI N13.30, and sample anaivsis as well as the use of the

EXCEL@ spreadsheet ~or data analysis.

During the visit, the DRMIA chemist prepared two mixed isotope sources by
electrodeposition which were counted in the USTTJR alpha spectromeq system. These
sources were taken to the DRMI.A Iaboratoty to use in the initiai calibration of their new
spectrometer pending the purchase of a NIST Standard Reference Materird point source
and preparation of theu own secondary calibration sources.

Task E

FIB- 1 and the Radiation Protecuon Service Depanment of the .Mayak Production

Association have formed a joim program to studv the pnysico-chemicai propefiies of
workplace aerosols containing plutonium. Measurements ot”in-vitro soiubility of

workplace aerosols were begun in early 1998 with the analysis of three air samples
collected on filter paper. The method of analysis, using a Wvsis system with Ringer’s
physiological solution was described in an earlier report (Khok@akov et al. 1998b).

Dialysis kinetics of plutonium-containing workplace aerosois can be described by an
equation with two exponentially decreasing components:\

Q = Qo[~1exp (-~lt) + az exp (~2t)], where:

Q. is the initial content of plutonium alpha activity on the sample filter,

~1 is the percent of alpha acti~’ity ciialvsing with the constant ;’.I,

L, is the constant corresponding to the dissolution rate of the rapidly diflising, soluble
fraction into the external solution

a2 is the percent of alpha activity dialysing with the consmnt ).2, and

}.2 is the constant corresponding to the dissolution rate cf the siow dissolution rate of large

panicles breaking co~.~m.

Transportability (,S) = li - ~2).2\7.i, expressed as gercer,:

Diaivs[s of the samples ]n finger s solution was contmc:~ f~r t’.vo \veeks recording the
-c!utcnium dialyzed from [F.? Eitcr s~m~ie each day. .Analysis ofcumulative perter. ! c:

these dialysis plots b:~rthe method ofieast squares resu~:eti in the follo~~lng parameters:



.-

For more soluble aerosois: ~; = 3.82?$, I.1 = 5.515 day-l, az = 96.18%,

and 1.2= 0.00511 dav”i.

For less soluble aerosois: al = II.1567’0, h = 17.23 day-l, az = W.SqqO/O,

and X2= 0.00167 day-l

The aissoiution half-time icr tne siower component of the more soluble aerosol was 136
days and. for the less soiuble aerosois. it was415 days. This indicates that the personnel
in the workplace investiga[ea were exposed to relatively soluble plutonium aerosols.

This same technique wiil ultimately be performed in conjunction with partical size analysis;

however, this has been pos~poned due to a lack of equipment. The most suitable
apparatus for such a purpose ]s the Anderson High-Volume Cascade Impactor with five
stages. AModei65-000. The r=- 1 has one such instrument which has been used for
morutoring ambient air in the Ozyorsk community. To avoid the possibiiitv of
contamination, this instnrment snouid not be used for workplace sampling and the
possibility of obtaining more such instruments is under investigation.

L

The plan for this task was to modernize the detectors used for in vivo counting by the
FIB- 1 by replacement of the existing NaI(Tl) detectors with more sensitive equipment.
Originally, phoswich detectors were proposed as these do not require c~ogenic operation
and the constant avaiiabiliy; of Iiqulcinitrogen was not certain. The objective is to increase
[he sensitivity of the FIB-; .2 ~~vo counter so the facility could be better used to quantitate
low-iever actinide intakes in :~,eNlayak personnel.

During this reporting penci . it ‘,vasieamed that the Rocky Flats Plant in Denver,

Colorado had a reasonabi:( moaern ~n\-ivo counting facility which was no longer used and
was to be excessed. The Rock? F!m facility consists of a specially designed. low-

background, shieided room IAl[hz set of high-purity germanium detectors and associated
electronics. Under the auspices of the DOE Office of International Health Studies, David

Hickman of Lawrence Li}errnore Xational Laboratory will oversee refhrbishrnent of this
equlp,ment and its physicti :xsfer:0 FIB-1. ,\ Canberra AE3ACOS computer-based

system ~viil also be procurs~ Na pro~lcied for use with the shield and detectors. Rocky
Flats aiso has a set ciph~s.’.;~h ~..-..~~’~~’crs which will be installed with the system as

backuu detectors

To accomociate [E.e~t,l: ..--~”t ,. ..-.”...-.. . ..n addition onto the existing FIB-1 in lIVO counting

taciii:y \\iil be necessar. T’-.e crep~ration of cost estimates is currently underway and it is
----- wmcipated that constm:::~~,’. \Iii be compieted in July or August. 1998. .it that time,

;’ ‘i.l,;,;--. ‘-.s-.m-:,ns13..3t]cn ma ,. ..1,-. S—.-.-. .W.. ‘:,;ii begin. L7timatelv, calibration \viii be accomplished

10



.vltn I:.: use of a phantom library maintained by Pacific Northwest National Labomtory

{Phhl) at Richland. Washington. The Iibrary includes the USTUR-owned 241.%n
phan:c~ which are on long-term loan to PNNL to facilitate their loan and use Dyother
iaborzmnes. The existing FIB-1 in vivo counting faciiity will also be calibrated for
venxicsaon of data aireadv collected.

Task J

Three scientific reports, stemming from this collaborative research project, have been
accec:ed for publication and are currently in press in the peer-reviewed scientific
Iiterkre. They are included in the list of references, below (Fiiipy et al. 1998;

Khok-.::akov et al. 1998a; Khokhryakov et al. 1998b) and the abstracts are included with
:his r~cort. The latter two of the reports were Russian documents transited to English in

?an]~” .idfillment of this task.

Two c:her Russian documents have also been translated to English and the abstracts are
inchtiti with this report. These documents were selected by the U. S. Nationai Council
on Rnation Protection and Measurements (NCRP) and were considered to have direct
appiiziiiitv to the work of NCRP Committee 57-17, Radionuclide Dosimetry \lodel for
\Vou~,~s. The authors and translated titles of the reports are:

The n:k of intake of plutonium and americium-241 through skin injuries by radiochernical‘L
faciiir: personnel. Khokhryakov, V. F.; Kudryavtsev~ T. I; Shevkunov, V. A.

Injunes and Skin Burns with Alpha Activity Contamination among Mayak tvorkers
Baz.pu. .+. G., Khokhryakov, V. F.; Shevkunov, V. A_

-
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